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Abstract: Xinjiang Uygur Autonomous Region of China, with its unique topography and geographical
location receives very less precipitation in summer as compared with other parts of China. The region is a
land locked where moisture is supplied only by westerly winds from Atlantic Ocean as the moisture coming
from Indian Ocean is mostly blocked by the Himalayas Range and the Tibetan plateau. In such a scenario,
Xinjiang faces severe drought conditions offering significant challenges to water management. In this paper,
we analyzed the drought periods in Xinjiang and discussed the various factors that might have influenced
precipitation over the past forty-four years. For this purpose, we defined three periods of consecutive four
years for high and low precipitation intensities. The average observed precipitation was 1.05 mm/day and
0.7 mm/day in summer (June-July-August) for the Tianshan Mountain region and Junggar Basin of Xinjiang,
respectively. The drought conditions indicated that high sea level pressure, wind divergence and low convection were the prominent features that caused the droughts, which often do not allow the condensation
process to coagulate the tiny water droplets into relatively large raindrops reducing the amount of precipitation in the region. The period of 1983−1986 is the lowest precipitation interval indicating the severe
drought in the western Xinjiang (i.e western Tianshan Mountain region), for which, less moisture availability,
strong divergence and less convection could be the most influencing factors.
Keywords: Xinjiang; drought; topography; moisture availability; convection; raindrops; divergence

1 Introduction
During the last two decades the intensity of extreme
precipitation events has increased significantly with a
decrease in the number of total rainy days in China
(Gong and Ho, 2002; Zhai et al., 2005; Feng and Fu,
2008; Li et al., 2010). The extreme events lead to
strong flooding while the less rainy days cause
drought like those conditions for different cropping
seasons. The spatial and temporal pattern of rainfall
has also been changed (Zwiers, 1993; Wang, 2001;
Yang and Lau, 2004; Yu et al., 2004; Ding et al., 2008;
Li et al., 2009). The spatial distribution of the rainfall
over China has been affected not only by the global
climate change but also by the emission of aerosols
(Menon et al., 2002) like black carbon, sulfate and
organic carbon. This pattern is prominent in the eastern and southern regions of China due to extensive
industrialization and rapid economic growth. However,
the precipitation is completely different in the arid and
semi-arid land in northwestern Xinjiang (Li et al., 2010)

and global warming could be the major cause of
changing precipitation patterns as there are few anthropogenic aerosol emissions in Xinjiang.
Xinjiang dominated by desert (Wu et al., 2010) is
acutely short of fresh water, and its agricultural industry is solely dependent on water from snowmelt runoffs and scarce precipitation (Li et al., 2010). The precipitation in Xinjiang has been distributed unevenly
with relatively less precipitation in the Junggar Basin
and high precipitation in the Tianshan Mountains region (Li et al., 2010) which is shown by climatologically mean precipitation pattern in Fig. 1. Several
studies (Xu et al., 2008; Li et al., 2010) indicate that
annual precipitation is showing an increasing trend
with the increase in temperature. However, the
drought in this particular region is quite frequent (Lu,
2003) and it has become a major challenge for the
water resource management agencies, affecting poliReceived 2010-08-06, accepted 2010-09-10
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cies on water use in the region. In such a scenario, it
becomes important mechanism to be involved, so that
water scarcity issues (Chen et al., 1992) could be efficiently handled through appropriate water conservation policy. For this purpose, it is important to have an
in-depth knowledge and to understand various atmospheric parameters of dominating drought conditions
and the factors of controlling drought cycles. The present study aimes to investigate the key meteorological
parameters involved in severe drought condition over
the arid region in Xinjiang.

Fig. 1
Normal precipitation rate (mm/day) in Xinjiang
(1961−1990); red circles indicate the two regions to be concerned

2 Method
We used the data sets of water resource related
APHRODITE (Asian Precipitation Highly-Resolved
Observational Data Integration Towards Evaluation of
the water resources) (Yatagai et al., 2009) with a grid
resolution of 0.25 degree to analyze the JJA
(June-July-August) precipitation in Xinjiang region
for the last 44 consecutive years starting from 1961.
The APHRODITE data sets generated from the
rain-gauge observational networks of Asia on 0.5 and
0.25 degree grids jointly by Research Institute for
Humanity and Nature (RIHN) and the Meteorological
Research Institute of Japan Meteorological Agency
(MRI/JMA). The detailed description of APHRODITE
data sets can be found in Yatagai et al. (2009). We first
examined the normal precipitation (1961−1990) in
Xinjiang for JJA period. The two regions of relatively
high precipitation selected for analyses are marked by
the red circles in Fig. 1. The annual (JJA) rainfall was
averaged for the Junggar Basin (44°−48°N and
84°−91°E) and for the Tianshan Mountain region
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(41°−45°N and 80°−87°E) to analyze the drought patterns, defined as high precipitation year (> 1 mm/day)
and drought year (< 1 mm/day). For the Tianshan
Mountain region in Xinjiang, we found three high
precipitation intervals each consisting of four consecutive years, marked as green circles and similarly
three drought intervals of four consecutive years
marked as red circles except the 1995−1998 interval
where a single high precipitation year (i.e., 1998) is
included to complete the four year span as shown in
Fig. 2. However, in the Junggar Basin, the precipitation rate was very small (average 0.7 mm/day) compared with the Tianshan Mountain region. Therefore,
the drought and high precipitation patterns based on
the averaging results of the Tianshan Mountain region
were analyzed specifically and the Junggar Basin is
discussed in general. The high precipitation intervals
are 1969−1972, 1991−1994, and 1999−2002 and the
low precipitation intervals are 1977−1980, 1983−1986,
and 1995−1998. To analyze the prominent physical
mechanisms, we used the data sets of NCEP/NCAR
(National Center for Environmental Prediction/National Center for Atmospheric Research) to
reanalysis (Kalnay et al., 1996). Four years’ mean
anomalies were calculated by taking the difference of
means between the drought years and the high precipitation years. The difference taken between low
precipitation period (1977−1980) and high precipitation period (1969−1972) has been defined as the first
drought conditions (D1), difference between low precipitation period (1983−1986) and high precipitation
period (1991−1994) as the second drought conditions
(D2), difference between low precipitation period
(1995−1998) and high precipitation period (1999−
2002) as the third drought conditions (D3) for various
parameters used to analyze the physical conditions.

3 Results and discussion
3.1 Observed drought pattern
The two regions marked by red circles in Fig. 1 have
been analyzed for the mean annual (JJA) precipitation
as shown in Fig. 2. The annual summer rainfall has
some interesting behavior especially over the Tianshan
Mountain region indicating a time interval of four
consecutive years for high precipitation followed by a
low precipitation for the next four years. Though the
pattern is not quite smooth having an average value of
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Fig. 2 Annual summer (JJA) precipitation rate (mm/day); (a) for Tianshan Mountain region (41°−45°N, 80°−87°E), (b) Junggar Basin
(44°−48°N, 84°−91°E).

1.05 mm/day (Fig. 2a), but for the relatively higher
latitudes, the precipitation is very unpredictable and
considerably low averaging about 0.7 mm/day (Fig.
2b). However, the precipitation of both regions seems
to be significantly higher than the average for the
years starting from 1998 to 2004 indicating an increasing trend in precipitation over Xinjiang region,
which is in agreement with the results of Shi et al.
(2003). The lowest observed precipitation interval or
the severe drought period was from 1983 to 1986 in
the Tianshan Mountain region, whereas, the rainfall
was fluctuated between high and low values (0.40 to
1.04) in the Junggar Basin.
3.2 Potential mechanisms
The negative temperature dominated the eastern and
southern regions indicating that temperatures were less
than the average for D1 (Fig. 3a). Three low temperature centers were quite prominent, extending from
north Pakistan to central Mongolian deserts, causing
an arc which blockaded the winds from south and
north as well. However, over the northern Xinjiang
region, the temperature was a bit higher but not high
enough to force the winds towards this region. Similarly, the abnormity of high sea level pressure that was
over the Tibetan Plateau, most part of China and
Mongolia in particular, caused less moisture supplies
to these regions during the drought period (Fig. 3b).
The high pressure might have forced the westerly

winds from Atlantic Ocean towards north Mongolia.
Winds drawn for D1 conditions also support this hypothesis (Fig. 3c). The winds showed strong divergence pattern over Mongolia, which indicated that the
winds were forced towards Siberian region by the high
pressure system. The precipitable water contents (Fig.
3d) indicated a complex behavior with a decreasing
water contents over eastern Xinjiang, while an in
crease over the southwestern region exhibited that the
amount of precipitable water content might have not
played a significant role in the amount of rainfall as it
depended mostly on the wind convergence and saturation. The anomaly of geopotential height at 500 hPa
level characterized high values of pressure over Xinjiang of China and Mongolia and low values of pressure over western Russia (Fig. 3e). Furthermore, the
increase in upward going long wave radiation flux
indicated that the low convection existed during the
drought conditions (Fig. 3f). Convection was significantly low in the high precipitation region of Xinjiang
during the period of 1977−1980 leading towards less
rainfall and the subse quent droughts. The D1 drought
conditions indicated that high sea level pressure, wind
divergence and low convection were the prominent
features that caused the drought conditions during the
period of 1977−1980. The above factors did not allow
the condensation process to coagulate the tiny water
droplets into relatively large raindrops contributing the
amount of precipitation in the region.
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Fig. 3 Difference between low precipitation period (1977−1980) and high precipitation period (1969−1972), a: air temperature (°C); b:
2
sea level pressure (mb); c: wind at 850 hPa level (m/s); d: precipitable water content (kg/m ); e: geopotential height at 500 hPa level (m);
2
f: upward longwave radiation flux (W/m ). The following Fig. 4 and Fig. 5 are the same.

Figure 4 showed the prevailing atmospheric conditions during the D2 period. The anomaly of temperature was rather similar to D1 with negative values
confined to Mongolia and its surrounding areas and
relatively high temperature values over eastern Xinjiang (Fig. 4a). Sea level pressure was lower for most of

the region with two high pressure centers over Mongolia and the Tibetan Plateau and southern Xinjiang
(Fig. 4b). The wind anomaly for D2 was very different
from D1 with two divergence centers (Fig. 4c),
wherein, the wind was scattered all around Xinjiang
possibly decreasing overall precipitation. In addition,
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Difference between low precipitation period (1983−1986) and high precipitation period (1991−1994)

the precipitable water contents in this case were also
in deficit with large decrease in Xinjiang and its surrounding areas (Fig. 4d) and significantly lower convective activity as shown by the increase in upward
going long wave radiation flux in Fig. 4f. The period
of 1983−1986 was the lowest precipitation interval
indicating severe drought in the Tianshan Mountains

region in Xinjiang. For this period, less availability of
moisture, strong divergence and less convection were
the most likely influencing factors.
The wind divergence continued to dominate the
drought conditions in the third drought case D3 also
over the Xinjiang, forced by low temperature and high
sea level pressure (Fig. 5). High sea level pressure
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Difference between low precipitation period (1995−1998) and high precipitation period (1999−2002)

prevailed over Xinjiang (Fig. 5b) but its magnitude
was relatively less than the D2 case. The total precipitable water contents were slightly higher over the
eastern Xinjiang and negative over the western borders. The geopotential height was a negative over
northern Mongolia, while relatively higher over Xinjiang (Fig. 5e) restricting the winds to reach Xinjiang

region. In addition, the convective activity was also
lower in the central Xinjiang and relatively higher towards the borders.
The relationship between low precipitation periods
over Tianshan Mountains region in Xinjiang and the
meteorological parameters showed some interesting
features. In our analysis, the persistent high sea level
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pressure played a significant role in modifying the
climatic factors in southwest Xinjiang region. The
strong wind divergence of dispersing the available
moisture and the low convection were equally influencing parameters. The low convective activity produced less efficient clouds and thus less rainfall. The
precipitation pattern, however, was not straightforward
as it was, it mostly based on several interactive processes occuring simultaneously. The prominent fact is
that the geographical location of Xinjiang covered by
high mountains in the south, southwest and north, by
the deserts in the east and northeast offering an extremely complex topography, which causes a multifarious regional climatic behavior, often hard to understand completely. Nevertheless this study identifies
several interesting factors controlling the drought condition in Xinjiang region in general, and over the
Tianshan Mountains region in particular.

4 Conclusion
This paper critically analyzed the drought conditions
prevailing over the Xinjiang Uygur Autonomous Region, China and the dominant physical mechanisms
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prevailed during the drought periods. We identified the
three severe drought periods of 1977−1980, 1983−
1986 and 1995−1998 over Tianshan Mountains region
of Xinjiang. The period of 1983−1986 was the lowest
precipitation interval in our results indicating the severe drought. The drought conditions were mainly
caused by high sea level pressure, strong wind divergence, low convection of moisture and rare moisture
availability. The main sources of moisture supply for
this region are Atlantic Ocean and Caspian Sea. The
moisture contents from these sources can be diverted
if the pressure remains significantly high over this
region. However, the high pressure dipoles of Tibet
and Mongolia play a crucial role in controlling the
wind divergence and regulating moisture supply to the
region. Moreover, the lesser cloud activity as indicated
by upward going long wave radiation flux further exacerbated the situation in this region.
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